1
Systematic reviews support the advance of science and translation of research evidence into clinical practice and constitute, at the same time, the highest level of scientific evidence by limiting both the bias and the random error inherent in other types of research. 2 Searching the literature is critical when conducting systematic reviews, and searches must be systematically performed and constructed in a way that maximizes results. 3 Additionally, being able to efficiently search the literature is an essential skill for the practice of evidence-based medicine. 4 In order to find the best and most relevant evidence, reliable systems are required for information retrieval; to that end, several databases are available to practitioners. 5 MEDLINE, the National Library of Medicine (NLM) journal citation database, contains journal citations and abstracts for biomedical literature from around the world. PubMed is a freely availPurpose. The completeness and utility of pharmacy-oriented Medical Subject Headings (MeSH) relative to MeSH terminology pertaining to other healthcare professions (dentistry and nursing) are evaluated. Methods. The 2013 version of the MeSH thesaurus-the standard vocabulary used by the National Library of Medicine (NLM) to index articles in PubMed and MEDLINEwas searched for dentistry-, nursing-, and pharmacy-specific terms using a truncation strategy (search terms: nurs*, dent*, and pharm*); the hierarchical level of each term and the number of descendant terms (an indication of the granularity of the associated NLM-indexed content) were determined. PubMed searches were conducted to identify areas of the MeSH hierarchy containing dentistry-and nursing-specific terms but no equivalent pharmacy-specific term.
Results. The search of the MeSH thesaurus identified 145 terms representing dentistryspecific activities and 94 and 26 terms specific to nursing and pharmacy practice, respectively. Analysis of the three sets of MeSH terms indicated that dentistryoriented MeSH terms were generally situated more prominently within the MeSH hierarchy than terms for nursing-and pharmacy-oriented research; the MeSH terminology oriented toward nursing or dentistry practice was relatively more granular, allowing for increased specificity and power of information retrieval during PubMed and MEDLINE searches. Seventeen proposed new MeSH terms describing key areas of pharmacy practice were identified; the inclusion of these terms in the MeSH hierarchy could substantially expand and improve the retrievability of NLM-indexed literature. Conclusion. Imbalances and gaps were found in MeSH coverage of pharmacy concepts and terminology relative to MeSH terminology specific to the nursing and dentistry professions. Am J Health-Syst Pharm. 2014; 71:1965-72 able search engine that provides access to the MEDLINE database, among others, and it contains over 23 million citations. 6 In comparison to other databases such as EMBASE and the Cumulative Index to Nursing and Allied Health, MEDLINE alone was shown to cover more than 80% of potentially relevant articles in some biomedical fields. 7 Conversely, for the area of family medicine, EMBASE provided greater coverage of total retrieved citations than MEDLINE. 8 Among all the online scientific medical resources, PubMed is one of the most widely used for the retrieval of medical literature. 9 Although it remains a matter of controversy, 10 some evidence suggests that PubMed is more specific than Google Scholar (Google Inc., Mountain View, CA) for locating relevant primary literature articles, 11 even though PubMed searches yield fewer total citations than Google Scholar results and provide less access to free full-text publications. 10, 11 The Medical Subject Headings (MeSH) lexicon is the NLM's controlled vocabulary thesaurus used for indexing and cataloging the literature in PubMed. 12 MeSH terms are arranged in a hierarchical form, or MeSH tree. MeSH tree descriptors are organized in 16 MeSH terms are organized in a nine-level hierarchy, with the 16 main categories at level 1 and each successive level number indicating increasingly less prominence within the MeSH tree (e.g., level 2 terms are more prominently positioned than level 3 terms). MeSH terms placed lower in the tree hierarchy are more specific, while MeSH terms that are broader in scope occupy higher levels. Also, a given MeSH term can be positioned in multiple tree branches. The MeSH database is continuously updated and revised annually, and suggestions for new MeSH terms can be proposed and submitted. 13 Efforts to influence the evolution of the MeSH vocabulary have already been made in some professions, such as nursing 14, 15 and dentistry. 16, 17 Using MeSH terms to conduct literature searches has been shown to improve effectiveness by reducing the number of irrelevant citations retrieved. 18 Furthermore, knowledge and appropriate use of MeSH terms was identified as one of the five critical elements in the development of an effective MEDLINE search. 19 However, the MeSH thesaurus has also been subject to some criticism, especially regarding its degree of completeness as a tool for conducting certain types of research. Portaluppi 20 drew attention to the fact that the MeSH thesaurus was inaccurate and incomplete for retrieving chronobiologic references. Richter and Austin 21 found that several entry terms (i.e., textual search phrases) commonly used by physical therapists did not "map" to an appropriate MeSH. Incompleteness of the MeSH thesaurus or inaccurate indexing of articles could contribute to incomplete literature retrieval and thus be a source of bias in conducting systematic reviews.
We sought to evaluate if there are gaps in the MeSH thesaurus with regard to MeSH headings and subheadings relevant to the pharmacy profession. Therefore, the aim of the study described here was to evaluate the completeness of the MeSH thesaurus for specificity and utility to pharmacy versus two other health professions: nursing and dentistry.
Methods
The 2013 version of the MeSH thesaurus was extracted from the NLM website (www.nlm.nih.gov/ mesh/filelist.html), exported into Microsoft Excel (Microsoft Corporation, Redmond, WA), and formatted as a hierarchical tree-form spreadsheet. The thesaurus included a total of 26,851 MeSH terms organized in 16 categories. As the same MeSH terms can be positioned in different MeSH tree branches, the 26,851 MeSH terms corresponded to 54,935 different positions.
The MeSH database (www.ncbi. nlm.gov/mesh) was then searched to identify all MeSH terms related to the three health professions analyzednursing, dentistry, and pharmacyby using the following truncated terms: nurs*, dent*, and pharm*. MeSH terms that corresponded to specific activities of any of the three professions were included. MeSH terms were excluded from the analysis if they pertained to (1) medical or psychological conditions, (2) chemicals, drugs, or medical devices, (3) anatomy elements, (4) information not related to the profession, or (5) activities performed by more than one profession. Where no definition was available in the online MeSH database or the definition was unclear, the titles and abstracts of the first 40 articles retrieved using the MeSH (i.e., two pages of PubMed results using the default display setting) were analyzed. The articles were sorted by using the "recently added" filter to reflect the most recent indexing practices. At the end of this process, three lists containing MeSH terms referring to specific activities in the nursing, dentistry, and pharmacy professions were obtained. The MeSH terms on these three lists were subsequently identified in the corresponding Excel file, and tree descriptors for each MeSH term included were determined. The hierarchical level of each term and the number of descendant terms (an indication of the granularity of the associated indexed information) were also determined. To identify areas where potentially useful pharmacy-oriented MeSH terms were lacking, parent terms for which there were both nursing-and dentistry-specific child terms but no equivalent pharmacy-specific child term were identified. Parent terms were found through an automatic process of deleting the three final positions of the tree number for all the nursing, dentistry, and pharmacy MeSH terms in the entire MeSH tree. Subsequently, all MeSH terms that included a nursing-and a dentistryrelated child but not a pharmacyrelated child were identified in the hierarchical tree-form Excel file.
The number of articles indexed under each nursing or dentistry child MeSH was determined in PubMed, allowing automatic explosion (i.e., the process by which MeSH terms are automatically expanded to enable the retrieval of not only citations that carry the specified MeSH but also citations that carry any of the more specific MeSH terms, or descendants, included beneath the parent MeSH in the tree structure). 22 To estimate the number of pharmacy-related articles that might be appropriately indexed under currently lacking pharmacyoriented MeSH terms (if those terms were included in the MeSH thesaurus), searches were performed by using the parent MeSH plus the 
Results
The numbers of terms retrieved from the MeSH database in April 2013 using the truncation strategy were 145 for nursing, 921 for dentistry, and 781 for pharmacy (Table  1) . After applying exclusion criteria, 51 nursing MeSH terms, 776 dentistry MeSH terms, and 755 pharmacy MeSH terms were excluded. Ultimately, 94 MeSH terms (located in 173 different tree positions) were identified as being nursing-specific terms, with 145 MeSH terms (in 270 positions) identified as dentistryspecific terms and 26 MeSH terms (located in 44 positions) identified as pharmacy-specific terms (appendix).
The majority of the MeSH terms identified for each of the three professions were located at the end of their respective tree branches; thus, 82.7% of the nursing-specific, 76.3% of the dentistry-specific, and 81.8% of the pharmacy-specific MeSH terms did not have any descendants. The number of descendants per MeSH term were not homogeneously distributed across the three professions; the 90th percentile of the number of descendants per MeSH was 2.0 for nursing, 4.9 for dentistry, and 3.5 for pharmacy.
Dentistry terms were generally situated more prominently in the MeSH hierarchy, with 43% of terms at level 4 or higher, relative to nursing and pharmacy terms (only 15% and 25% of terms were at level 4 or higher, respectively). Only dentistryrelated MeSH terms included one level 2 term. Both nursing and dentistry MeSH terms branched to level 9, while pharmacy MeSH terms branched only until level 8, as shown in Table 2 .
Important differences were found in the categorization of the MeSH terms of the three professions by 
Discussion
To the best of our knowledge, no studies to date have specifically analyzed MeSH terms related to the pharmacy profession, even though other investigators have cited a need for such research. 24, 25 In the study described here, we sought to evaluate the completeness of the MeSH thesaurus for pharmacy practice by comparing it with the thesauruses of two other professions: nursing and dentistry. Because MEDLINE focuses on biomedicine 26 -primarily the literature of the medical profession-we chose to compare MeSH terms specific to three other healthcare professions in order to assess the degree of MEDLINE coverage of the professional body of literature of each and its comparative accessibility to MEDLINE users.
Our results show a clear imbalance in the completeness and granularity of the MeSH thesaurus for pharmacy compared with the thesauruses of nursing and dentistry. The number of pharmacy-relevant MeSH terms obtained was approximately one third and one fifth of the numbers of terms identified for nursing and dentistry, respectively.
It should be noted that considerable research has been conducted regarding the completeness and adequacy of the MeSH thesauruses for nursing 14, 15 and dentistry 16, 17 ; this might have contributed to the improvement of the nursing and dentistry MeSH thesauruses over the past two decades, which could help explain the differences found in our study.
In terms of hierarchical distribution, existing pharmacy MeSH terms are concentrated in intermediate levels (generally at lower levels than dentistry terms). This could be interpreted as evidence of (1) NLM attributing more importance to dentistry than to pharmacy and nursing by creating a MeSH category only for the former discipline or (2) NLM allowing more specificity in nursing and dentistry MeSH terms relative to pharmacy MeSH terms.
We objectively identified 18 MeSH terms that contained nursing-and dentistry-specific but not pharmacyspecific descendants. For example, although the hierarchy for the parent MeSH term "Education, Professional" includes child MeSH terms specific to all the professions analyzed and the medical profession (i.e., "Education, Dental," "Education, Medical," "Education, Nursing," and "Education, 
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Pharmacy"), the parent MeSH "Evidence-Based Practice" includes child MeSH terms specific only to dentistry, medicine, and nursing, with no corresponding "EvidenceBased Pharmacy" child MeSH (Table 3) . Some of the 18 terms appeared in the 2013 version of the MeSH lexicon as an "entry term," or synonym, for the applicable parent MeSH, including the term "Pharmacy Faculty" (synonymous with "Faculty, Pharmacy"); however, this should not be considered sufficient given that "Medical," "Dental," and "Nursing" exist as descendants of the MeSH "Faculty," resulting in a more specific indexing of the literature pertaining to those three professions compared with the pharmacy-pertinent literature.
For other proposed pharmacy MeSH terms identified in this study, similar terms already exist, such as "Economics, Pharmaceutical" (an existing MeSH), which is similar to "Economics, Pharmacy" (no existing MeSH). However, literature indexed under the MeSH "Economics, Pharmaceutical" is mainly focused on the impact of pharmaceuticals on the cost of care, while that indexed under "Economics, Dental", "Economics, Medical", and "Economics, Nursing" (terms equivalent to "Economics, Pharmacy") covers the economic aspects of service provision by the respective practitioners of said professions; this is especially striking on considering the descendants of these MeSH terms (e.g., "Fees, Medical", "Fees, Dental"), which convey a focus on the amount charged for professional services, while the descendant term "Fees, Pharmaceutical" reflects a focus on the amount charged for medications.
Including the proposed 17 new terms in the MeSH thesaurus would increase the number of pharmacyspecific MeSH terms by over 50%. Although 2 new pharmacy MeSH terms were included in the MeSH According to our results, to date over 2000 pharmacy articles, on average, would be indexed under each of the proposed new pharmacyspecific MeSH terms. Even though this figure is small compared with the number of articles covered by each of the correspondent dentistryspecific MeSH terms, it is similar to the number of articles indexed under the correspondent nursing MeSH terms. The deemphasis on pharmacy-specific versus dentistryand nursing-specific literature in NLM databases is not limited to the incompleteness of the pharmacy MeSH thesaurus but is also evidenced by the comparatively small number of pharmacy journals indexed in MEDLINE and PubMed.
The imbalance of pharmacy versus dentistry or nursing coverage is common to other aspects of NLM indexing, such as the journal categories within the PubMed database. 28 PubMed literature searches can be performed for specific nursing and dentistry journal subsets, but no subset of pharmacy journals currently exists. This situation may be a reflection of the NIH organizational culture. Among the 27 institutes and centers of NIH, there are institutes devoted to nursing and dental research, but no such institute has been created for pharmacy.
Our findings have several implications for the pharmacy profession, particularly for practitioners who are committed to evidence-based practice and research. Even though previous research has demonstrated that published pharmacy practice research may be difficult to access by conducting database searches alone, 29 establishing evidence through systematic reviews using MeSH-based search strategies is advisable. 30 An increased number of MeSH terms specific to pharmacy, such as those identified in this study, would help refine search strategies by researchers attempting to answer a given clinical question, thus enhancing the utility of MEDLINE and perhaps preventing incomplete indexing. 31 If the MeSH thesaurus were revised in that manner, pharmacy articles would appear indented beneath more specific child MeSH terms instead of just under the broader parent MeSH terms, which would be in accordance with MeSH terms' main role: to organize information in a way that provides precision and power of retrieval. 12 In the absence of such a revision of the MeSH hierarchy, text-word searching continues to be an option, but the search specificity of such searches was shown to be lower than that of MeSH-based searches. 18 It is our intention to submit the results of our study to NLM staff responsible for MeSH matters in order to contribute to the improvement of the completeness of the pharmacy MeSH thesaurus.
The main limitation of our study was the highly restrictive method employed to identify potential new pharmacy MeSH terms. However, even with our restrictive method, we identified a substantial number of current MeSH terms specific to the nursing and dentistry professions for which equivalent pharmacy-specific terms are arguably needed. Previous investigators have contended that MeSH terms should be created as the need arises. 18 Yet, using other, less restrictive and automatic methods could help identify additional pharmacy MeSH terms. Additionally, we might have underestimated the number of new pharmacy MeSH terms needed since we proposed only pharmacy MeSH terms corresponding to existing nursing-and dentistryspecific child MeSH terms that appeared beneath the applicable parent MeSH; it is possible that deeper within the MeSH hierarchy there are additional semantically equivalent child MeSH terms specific to nursing and dentistry that were not identified through our method.
Conclusion
Imbalances and gaps were found in MeSH coverage of pharmacy concepts and terminology relative to MeSH terminology specific to the nursing and dentistry professions. 
Appendix-Pharmacy-specific terms currently included in the Medical Subject Headings thesaurus

